ARTIFICIAL SPIN ICE Write it as you like it
The microstate of geometrically frustrated two-dimensional arrays of strongly interacting nanomagnets is controlled by means of topological defect-driven magnetic writing, to the extent that elusive configurations such as the ground state and negative-temperature states are realized.
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W
hat would have Maxwell, Boltzmann and Gibbs wished for at the end of an imaginary conference dinner together? Perhaps the ability to visualize the elementary degrees of freedom of a system and witness how they compose into a macrostate; maybe even the capacity for direct and individual control over these microstates, leading to unconventional behaviours. Maxwell's demon comes to mind.
Writing in Nature Nanotechnology, Gartside et al. bring us closer to such a wish by encoding otherwise inaccessible, non-equilibrium states in nanopatterned magnetic metamaterials called artificial spin ices 1 . These are two-dimensional arrays of strongly interacting, shapeanisotropic ferromagnetic nanoislands, each describable as a binary classical spin 2 . The mutual arrangement of the islands can be chosen at will and controls their collective dynamics -and thus the emergence of exotic behaviours often absent in natural magnets. Because their constitutive moments can be observed in real space and time 3 , artificial spin ices have provided unprecedented ways to observe statistical mechanics in action in a platform where unusual states can be designed 2 . And now, as Gartside and co-workers show, their microstate can be deliberately encoded as well.
Previous work by Wang et al. demonstrated how the stray field originating from a magnetic force microscope tip, aided by an external uniform field to lower coercivity, could be used to write and rewrite magnetic charges into a weakly interacting artificial spin ice 4 . Gartside et al. now show how they can reliably and accurately switch sets of magnetic moments that, because of the effect of the strong mutual interactions, are characterized by a variety of different switching fields. In their method, they swipe an appropriately charged magnetic force microscope tip transversely across each nanowire, thus injecting a pair of domain walls. The walls' magnetic charges attract them to the extremities of the nanostructure toward which they propagate, completing a magnetization reversal ( Fig. 1a and b) .
The researchers perform proof-ofprinciple experiments in a hexagonal ('kagome') geometry (Fig. 1c) , one of the most studied geometries in artificial spin ices because of its rich phase diagram 5, 6 . In particular, as the temperature is lowered, this magnetic ensemble crosses from a paramagnetic state into a macroscopically disordered state in which all the moments impinging at a given vertex obey the locally ordered ice rules (two-in/one-out or twoout/one-in), followed by a transition toward a charge-ordered, spin-disordered state. Eventually, a further transition into a fully ordered state is predicted, but this has not yet been observed experimentally, although it has perhaps been detected indirectly 7 . Gartside et al. encode this theoretically predicted low-energy, ordered state. Moreover, they also realize unusual states, such as negative-temperature configurations, that are theoretically conceivable in a spin ice realization 8 but cannot be reliably obtained without the direct local manipulation of the microstate.
The capability for accurate manipulation of artificial spin ice into desired initial states opens intriguing new directions on a fundamental level. The encoding of out-of-equilibrium states within the ice manifold could precede a superparamagnetic thermal activation, where temperature is carefully raised while being characterized in real time and space by, for instance, photoemission electron microscopy. The kinetics of unusual initial conditions could then provide enticing new vistas on how collective behaviours stabilize inherently unstable local states. This could also reveal the exotic coalescence and growth of stable phases within encoded odd phases, with implications for the understanding of ageing or rejuvenation. And as new geometries can now host classical topological states, the ability to inject topologically protected charges -not necessarily magnetic ones -could select a separated topological sector within the phase space. Observing its evolution might unlock much-needed understanding of, and perhaps also control over, non-equilibration and ergodicity-breaking in the absence of quenched disorder.
On the other hand, opportunities for out-of-equilibrium, field-driven measures on thermally stable systems might be even more straightforward. In dedicated geometries, domain walls could be written, driven, controlled or pinned to structural features. Topological defects could be encoded and moved through interfaces, designed to be semipermeable to topological charge, thus leading to sophisticated forms of control over mobile, quantized information carriers. Artificial spin ice could be explored as a platform for neuromorphic 'memcomputing' , in which the material functions as an interacting, collective memory storage unit capable of computation within the memory in absence of a logical unit 9 . Reprogrammable band structures for magnons 10 , manipulation of superconductive vortices by pinning to magnetic monopoles 4 , and coupling of the magnetic ensemble to transport 11 are other promising directions for applications. And the functionality for all these potential technological developments is strongly dependent on the capability to manipulate the microstate directly.
A complex system is defined by structure and ensemble. Much of the appeal of artificial spin ices has, since the beginning, relied on the control of the structure 2 .
While not quite the dynamic Maxwell's demon of our dinner of pioneers, the technique demonstrated by Gartside and co-workers finally opens the way to a much-needed capability for static, local, reliable and accurate manipulation of the ensemble. ❐ A synthetic lethal bullet Nanoparticles loaded with paclitaxel and nintedanib induce synthetic lethality in endometrial cancer cells.
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C onventional chemotherapeutic drugs like paclitaxel and doxorubicin cause cell death by affecting cellular processes that are more active in tumours but that exist in normal cells as well: because of this, they are highly toxic, imposing limits to their doses. For more than twenty years, nanomedicine has focused on developing nanoparticles as simple drug-delivery vehicles that can drive chemotherapy drugs towards tumours. Now, the new frontier in the field is represented by the so-called molecularly targeted cancer therapies. These are potentially more effective and less harmful to normal cells than conventional chemotherapies since they are designed to specifically interact with receptors and signalling molecules that play a pivotal role in cancer cell proliferation, and to target key tumour-promoting micro-environmental factors. The latest formulations exploit synthetic lethal interactions between tumour-specific aberrations and additional molecular processes. Yet, the efficacy of these therapeutic molecules remains affected by limited targeted delivery. Now, reporting in Nature Nanotechnology, Ebeid and co-authors propose an innovative approach to generate 'synthetic lethal bullets' with high tumour-delivery efficiency, which combines conventional and molecularly targeted anticancer agents with an innovative nanoparticle technology aimed at shrinking endometrial tumours 1 .
Drug-delivery nanoparticles consist of macromolecular materials coupled with an active principle -a drug or a biologically active moiety -that is dissolved, entrapped, or encapsulated within the macromolecular shell or absorbed to its surface 2 . As an example, Abraxane, or nab-paclitaxel, is the first commercial-drug-loaded nanoparticle and consists of human serum albumin nanoparticles containing paclitaxel. It appeared on the market at the beginning of 2005, and it is now approved for different 
